Introduction
Primary gastric lymphoma (PGL) originates in the stomach and may or may not involve the peri-gastric and/or abdominal lymph nodes. The most common site of primary extra nodal non-Hodgkin's lymphoma (NHL) is the stomach [1, 2] . Diffuse large B-cell lymphoma (DLBCL) is the most common histological subtype [3] . These tumour cells are known to be CD20 positive. Rituximab is an anti-CD20 antibody and is highly effective in nodal DLBCL. Overall 5-year survival between 50% and 70% is reported with multimodality therapy [4] .
The modalities of treatment for PGL have been a controversial subject, and the best regimen has not been standardised. The general consensus is local-therapy options (radiotherapy or surgery) and/or systemic chemotherapy according to the stage of the disease. Surgical treatment is usually indicated for gastric lymphomas of localised stage and is performed in patients with advanced stage disease for palliative reasons only. While surgery was the primary mode of treatment in the past, today some studies suggest the use of gastric protective treatments with chemotherapy and radiotherapy instead of surgical primary treatments in lymphoma of the stomach [5] . Rituximab is an anti-CD20 monoclonal antibody and is a highly effective and well-tolerated therapy in nodal DLBCL in combination with chemotherapy [6] . However, the efficacy of rituximab in the treatment of gastric DLBCL is only weakly supported by the published literature, and an increasing number of studies have reported that rituximab does not contribute significantly to the treatment of gastric DLBCL. For example, outcomes in early-stage PGL were not improved by the addition of rituximab to CHOP chemotherapy [7] . Therefore, the role of rituximab in gastric DLBCL remains controversial.
In general, there is no consensus on the optimal treatment modality for PGL. To resolve these questions we investigated the efficacy of surgery and rituximab in primary gastric lymphoma.
Material and methods

Patients, clinical features and stage
This retrospective study included 146 Primary Gastric DLBL patients initially diagnosed at eight different Cancer Centres within Turkey from April 2002 to December 2011. Each of the cases complied with the PGL diagnosis criteria as defined by the World Health Organisation (WHO) classification and criteria as defined in other studies [8] . Performance status and serum concentration of lactate dehydrogenase (LDH), as well as serum albumin and haemoglobin levels, were laboratory and clinical features evaluated for potential prognostic importance. We defined low haemoglobin as < 12 g/dl, low albumin as < 3.5 g/dl and high LDH as > 245 U/l. Haematoxylin and eosin stain was used to evaluate the presence or absence of Helicobacter pylori on formalin-fixed, paraffin-embedded specimens.
Disease stage was designated in all patients according to the Lugano staging system for gastrointestinal NHL [9] .
Treatment, response criteria and international prognostic index (IPI)
Treatment modalities such as chemotherapy (CT) alone, chemotherapy and radiotherapy (CRT), surgery and chemotherapy (SCT), surgery along with chemotherapy and radiotherapy (SCRT), and surgery (S) alone were performed. Chemotherapy was applied to 140 patients in the study, and the CHOP schedule was applied to all of the patients in the chemotherapy regime. Rituximab was applied in 109 patients undergoing CHOP chemotherapy. The CHOP schedule was applied as follows: 750 mg/m 2 cyclophosphamide on day 1, 50 mg/m 2 doxorubicin on day 1, 1.4 mg/m 2 vincristine on day 1, and 100 mg/d prednisone for 5 days, every 21 days. Rituximab (375 mg/m 2 ) was administrated to patients on day 1 of each CHOP cycle. Radiotherapy was delivered at doses of 40 Gy to the abdomen and gastric bed. covers primary tumour as well as regional lymph nodes.
We defined response criteria according to the International Working Group Recommendations [10] . Complete remission (CR) was defined as the complete disappearance of radiological and physical evidence following treatment. The criteria of the International Non-Hodgkin's Lymphoma Prognostic Factor Project were used to assess patient prognosis [11] . Risk factor variables in the IPI (International Prognostic Index) were age > 60 years, stage III-IV disease, performance status ≥ 2, elevated serum LDH level, and number of extra nodal disease sites greater than one. The total sum of the number of risk factors present at diagnosis was used to determine risk groups. The resulting three risk groups were as follows: low risk group (0-1 risk factor), low-intermediate risk group (at least 2 risk factors), and high-intermediate and high-risk group (> 3 risk factors). Patients were separated into two groups, low-intermediate and high-risk, according to the IPI risk situation.
Toxicity was graded from 1 to 4 according to the National Cancer Institute Common Toxicity Criteria (version 2.0) [12] .
Statistical analysis
Event-free survival (EFS) was calculated from the date of diagnosis to the date of treatment failure, disease recurrence or death as a result of lymphoma or acute toxicity of treatment. Overall survival (OS) was measured from the date of diagnosis until the date of death, due to any cause, or the date of final follow-up in survivors.
Kaplan-Meier survival estimates were calculated. Univariate analyses were performed using the log-rank test. The χ 2 test, or Fisher's exact test used when the χ 2 test assumptions did not apply due to low expected cell counts, were used to compare proportions within different groups. All statistical analysis was completed using SPSS 18.0 for Windows.
Results
Patient characteristics and survival/prognostic analysis
The overall characteristics of the 146 gastric DLBCL patients are summarised in Table 1 . Median follow-up period was 25.5 months (range 2.2-120.1 months) and 3-5-year OS rates were 68.7% and 62.3%, respectively. The 3-5-year EFS rates were 64.3% and 55%. Five-year overall survival rates according to the main characteristics of the patients are summarised in Table 1 . During the follow-up period, 46 (31.5%) patients died and 52 (35.6%) of the patients had a relapse. Significant differences in terms of survival according to age group, performance status, stage, IPI risk group, serum albumin level, and haemoglobin level were revealed in log-rank analysis. Patients aged ≤ 60 years had a significantly increased rate of survival (EFS and OS) than patients aged > 60 years (p = 0.002 and p < 0.001). Significantly better survival was observed in patients with low and intermediate IPI (p = 0.001 and p < 0.001, respectively) than in patients with a high IPI risk score. Similarly, EFS and OS rates were significantly different in patients with low performance scores (EFS and OS) (p = 0.001 and p < 0.001), and with early-stage disease (stage I and II) (EFS and OS) (p = 0.023 and p < 0.001). Conversely, low haemoglobin (p = 0.004 and p = 0.036) and albumin (p = 0.029 and p = 0.028) resulted in worse survival rates (Table 1) . Multivariate analysis of the characteristics of the patients is summarised in Table 2 
Treatment
The treatment strategies are summarised in Table 1 . There is no statistical difference in survival rate (EFS and OS) among treatment modalities (p = 0.707 and p = 0.124) (Fig. 1) . Surgical treatment modalities (S, SCT and SCRT) and non-surgical treatment modalities (CT and CRT) were examined in the two groups. In the subgroup analysis, there was no statistical difference in survival rates (EFS and OS) between surgical or non-surgical treatment modalities for patient groups who had localised stage I and II gastric lymphoma (p = 0.519 and p = 0.165, respectively) ( Table 3) .
There was no significant relationship in chi-squared analysis of chemotherapy with and without rituximab in all patients (p = 0.068). Complete response rates were increased among patients who used the treatment regimen without rituximab. There was a complete response for 73 (67%) of the 109 patients who were treated with rituximab, while there was a complete response for 26 (83.9%) of the 31 patients who were treated without rituximab. χ 2 analysis revealed no statistical difference between treatment with rituximab and the response to treatment for patient groups who received CT and CRT (p = = 0.602 and p = 0.385, respectively). There was no statistical difference in EFS and OS between chemotherapies with rituximab and without rituximab for a group (CT) of 63 patients (p = 0.264 and p = 0.639, respectively) ( Table 4) .
Also, the addition of rituximab to treatment did not result in statistically significant differences in EFS or OS for the group (CRT) of 38 patients who were given both chemotherapy and radiotherapy (p = 0.501 and p = 0.692). There was no statistical difference between patients treated with or without rituximab among patients who were at early disease stage (stage I-II) and advanced stage (stage IV) in terms of EFS and OS.
The median number of cycles of chemotherapy was 6 (1-8) in patients who had chemotherapy. Chemotherapy standard cycle 6-8 was not given to 14 of the 140 patients who had chemotherapy for toxicity. Haematological (granulocytopaenia etc.) and gastrointestinal (nausea and vomiting etc.) toxicities were the most common. In general, we observed grade 1-2 haematological and gastrointestinal toxicities in 27 (18.5%) and 42 patients (28.8%), respectively. Grade 3-4 gastrointestinal and hae- 
CT -chemotherapy; RT -radiotherapy; S -surgery; IPI -International Prognostic Index
matological toxicities occurred in 16 (10.9%) and 14 (9.5%) patients, respectively. We observed death-related symptoms (fibril neutropenia, gastrointestinal bleeding) in 8 (5.5%) patients.
Discussion
In this study, our aim was to compare the treatment modalities and to investigate the efficacy of surgery, which is one of the treatment modalities applied in primary gastric DLBCL. In particular, we aimed to evaluate the contribution of rituximab, which has already demonstrated its effect in the treatment of nodal DLBCL, to the chemotherapeutic treatment of gastric DLBCL.
According to our results, being under the age of 60, having low performance scores, being in an early stage (stage I and II), and having normal albumin and haemoglobin levels resulted in better EFS and OS rates. There was no statistical difference among applied treatment modalities in terms of OS and EFS. However, improved EFS and OS rates were observed in chemotherapy or chemo-radiotherapy treatment modalities that were applied after surgery, although there was no statistical significance in terms of EFS and OS. The log-rank analysis revealed no statistically significant difference in terms of the EFS and OS in patients from the homogeneous subgroups, who received only CT or CRT, in comparison to those who received regimens with rituximab. When the efficacy of rituximab was evaluated in both localised and advanced stage, there was no statistical significance. There was no statistical difference in the χ 2 analysis (in the Fisher's exact test) between chemotherapy with rituximab and chemotherapy without rituximab regimens, and response to treatment. There was no relationship between early and advanced stage or between those treated with rituximab and those not.
The results obtained from the studies comparing the treatment modalities in primary gastric lymphoma are summarised below. In a study by Aviles et al., the difference in survival among treatment modalities was compared for early-stage primary gastric DLBCL patients. The best survival rates were seen in the chemotherapy-only group, followed by the combined surgery and chemotherapy group, the group that had undergone surgery alone, and the combined surgery and radiotherapy group (p < 0.001 for both groups) [7] . Challenging the role of gastrectomy in Table 3 . the management of patients with PGL, comparable survival results were obtained using combination chemotherapy, occasionally combined with radiation [13] . Additional studies have suggested that conservative non-surgical treatment modalities may achieve equal or even better results in comparison to gastrectomy [14] . Recently, the importance of stomach-conserving therapies for treatment of gastric-localised lymphomas has been emphasised [15] . In contrast to these studies, there are other, earlier studies that report superior results with surgical treatment modalities. Surgery plays a critical role in the diagnosis, staging and treatment of PGL. Surgical resection followed by chemotherapy has been identified as the treatment of choice in localised gastric lymphoma by several authors [16] . Several earlier studies suggested that gastrectomy significantly improves survival, particularly in stage I and II patients [17] . Surgery plays a controversial role in the management of PGL. Medical treatment of PGL has been gradually replaced by surgery in recent years [18] . When patients treated by chemotherapy alone or with combination therapy (chemotherapy combined with radiation or surgery) are compared, it can be observed that there is no significant difference in survival [19] . In addition, according to another study, in localised gastric DLBCL a similar 5-year survival rate (> 90%) is expected using surgery plus chemotherapy or chemotherapy alone [20] . Compared with these studies, our study showed that there are no differences among the treatment modalities when they were examined separately. In subgroup analysis, in patients who performed surgery with localised or extensive stage, survival benefit was not observed. Surgery does not increase the survival rates in patients with extranodal gastric lymphoma, especially during the localised stage of the disease. Rituximab treatment was initially introduced for primer nodal lymphoma. A randomised phase III trial by the GELA group highlighted the effectiveness of rituximab treatment of prior nodal B cell lymphoma. Rituximab plus CHOP treatment (p < 0.001 and p = 0.007, respectively) resulted in significantly increased EFS and OS times [6] . The treatment of choice for nodal DLBCL, irrespective of the anatomic site of the lesion, is rituximab plus chemotherapy. Rituximab treatment has been shown to be effective in nodal lymphoma and, therefore, routine usage of rituximab may also be appropriate in the treatment of extra nodal DLBCL. It is not known how the addition of rituximab to chemotherapy regimens effects survival in patients with gastric DLBCL as this has not been tested in a large clinical trial. There are a few studies investigating the contribution of rituximab to treatment of gastric DLBCL; however, all of these involve retrospective studies with the exception of one [19, [21] [22] [23] . In the study by Wohrer et al., 15 patients were treated with Rituximab plus chemotherapy. The CR rate was 87% and the partial response (PR) rate was 13%. As a result, Wohrer concluded that the use of this drug in standard treatment may be premature [22] . It is premature to suggest that rituximab-CHOP be used for standard treatment of patients with localised gastric DLBCL outside of a clinical trial. In other retrospective studies, the 5-year EFS (p = 0.03) and OS rates with and without rituximab were 100-100% vs. 73-63% [23] . In another study, multivariate analysis for OS revealed the following for treatment without rituximab (HR 2.70 [1.00-7.25]), (p = 0.049) [21] . A phase II study with more patients failed to show any benefit to survival with rituximab treatment. A phase II trial of 42 patients with early-stage disease did not show any advantage of rituximab plus CHOP chemotherapy. In this study, the 5-year EFS and OS were 95% and 95%, respectively. There were no statistical differences when compared to historic controls (without rituximab) in the same hospital (In the Aviles study, 42 patients were followed for 3 years and compared with a historic control group) [7] . Also, the results of a phase II study utilising rituximab and CHOP in patients with gastric diffuse large B-cell lymphoma that was started in 2005 with the sponsorship of the company that produces rituximab and finished in 2008, was not published [24] . In two recently published studies, the 3-year EFS rates were 86.0% for patients receiving CHOP and 81.7% for patients receiving R-CHOP. The 3-year OS rates were 94.7% and 84.7%, respectively (p = = 0.744, and p = 0.213) [25] . Five-year EFS and OS rates were not statistically significant. In subgroup analysis, better OS was observed only for patients with advanced-stage disease when rituximab was added [26] .
The results of our study pointed out no significant increase in survival by the addition of rituximab to the chemotherapy, and there was no statistically significant difference in survival with or without rituximab chemotherapy in both localised and advanced stage. Because rituximab treatment did not contribute to survival, the addition of rituximab to chemotherapy was discussed more in other recently published studies. the fact that rituximab is not beneficial in extranodal lymphoma might be caused by different biological features between nodal lymphomas and extra nodal lymphomas. Still, this point requires further prospective clinical trials. Moreover, in lymphoma treatment, some studies are needed in terms of predictive and prognostic factors [27] .
In conclusion, no statistically significant difference was observed in terms of the survival rate among the treatment modalities. Also, the results of our study fail to demonstrate any significant increase in survival by the addition of rituximab to chemotherapy. Because of the different results in the literature, there is still no definitive standard treatment. In particular, the benefit of rituximab treatment in gastric DLBCL is still a controversial subject. Additional prospective trials are required in order to determine the optimal use of rituximab in the treatment of gastric DLBCL.
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